Microsporidia are intracellular protozoa of the phylum Microspora which parasitize both invertebrates and vertebrates (2) . Two distinct clinical entities of this disease in the eye exist: corneal deep stromal infection in immunocompetent patients and superficial keratoconjunctivitis in patients with AIDS (14) and more recently in immunocompetent patients (3, 4) . Definitive diagnosis has often depended upon transmission electron microscopy, which is time consuming and expensive, requires expertise, and is believed to be less sensitive than desired (15) . The detection of specific antibodies in ocular specimens of AIDS patients is variable (16) . Molecular methods are still in their infancy. A flexible diagnostic technique is the need of the hour in view of increasing reports of microsporidiosis in India (6, 11, 12) . Though there have been a few reports of comparative evaluation of stains in detecting microsporidia in stools, bile, urine, and pulmonary specimens (1, 5, 9, 13) , there are limited data evaluating various stains in the detection of microsporidia in ocular specimens and the feasibility of their routine use in laboratories. Therefore, we sought to evaluate the efficacy of various stains routinely used in our laboratory in the diagnosis of microsporidial keratitis.
Data were obtained by a retrospective review of records of patients diagnosed with microsporidial keratitis from 1 January 2002 to 30 September 2005 presenting to the Cornea Service at the L.V. Prasad Eye Institute, Hyderabad, India. All patients included in the study had undergone a complete ocular examination. Cases were confirmed to be microsporidiosis based on microbiological examination of the corneal scrapings. The microbiological work-up included the collection of corneal scrapings by an ophthalmologist using a sterile blade number 15 on a Bard Parker handle under a slit lamp biomicroscope. Multiple scrapings were taken from the lesions and smeared on presterilized slides for staining and various culture media for the growth of bacteria, fungi, or Acanthamoeba. We have described these procedures in detail in an earlier publication (7) . The smears were stained with (i) potassium hydroxide plus calcofluor white (KOHϩCFW), (ii) Gram, (iii) Giemsa, and (iv) modified Ziehl-Neelsen (1% H 2 SO 4 ) (8). KOHϩCFW staining was observed under a fluorescence microscope (BH2-RFC; Olympus), with cube U having filter combinations for the excitation spectrum region near 365 nm for a DAPI (4Ј,6Ј-diamidino-2-phenylindole) stain. The remaining stains were observed under a bright-field microscope. A paired compari- Of the 30 patients diagnosed with microsporidial keratitis, the clinical diagnosis in 26 patients was superficial keratoconjunctivitis, and in 4 it was stromal keratitis. Direct examination of the corneal scrapings did not reveal any other bacteria or fungi in any of the cases except one (no. 4), which along with microsporidial spores also showed the presence of gram-positive cocci and bacilli in the Gram stain. Corneal scrapings from 6 of the 30 cases had grown bacteria in culture ( modified Ziehl-Neelsen stain, P ϭ 1.0; Gram versus Giemsa stain, P ϭ 0.125; and Giemsa versus modified Ziehl-Neelsen stain, P ϭ 0.07) except for KOHϩCFW versus Giemsa stain, with a P value of 0.016. The spores appeared elongated and oval to round and measured 1 to 3 m in length and 1 to 1.5 m in width in cases with keratoconjunctivitis. The spores appeared larger (3 to 5 m by 2 to 2.5 m) in the stromal cases. Figure 1 shows the appearance of these spores in the stains evaluated.
We have previously reported that simple smear examination methods may be adequate to diagnose a case of ocular micro- on August 29, 2017 by guest http://jcm.asm.org/ sporidiosis (12) . According to our institutional protocol, a combination of four staining techniques, i.e., Gram, Giemsa, KOHϩCFW, and modified Ziehl-Neelsen stains, is used in the diagnosis of nonviral keratitis. We evaluated these staining techniques for their feasibility in the diagnosis of ocular microsporidosis. In this study, the KOHϩCFW stain along with the modified Ziehl-Neelsen stain most frequently detected microsporidia, followed by the Gram stain, while Giemsa staining had the least detection efficacy among the four. The study is limited as it is retrospective and unmasked; however, a statistical comparison of frequency of detection by the stains revealed a significant difference between the KOHϩCFW and Giemsa stains by McNemar's test. According to our protocol, the first corneal scraping taken from the patients with suspected microbial keratitis is always used for KOHϩCFW staining. Although this may account for greater detection of organisms in this stain, we would like to emphasize that KOHϩCFW staining could identify these organisms relatively easily, distinguishing them clearly from other cell debris, and that the appearance of the spores was esthetically appealing. The frequency of detection of microsporidia by the Gram and Giemsa stains was reasonably high. However, the morphology of the spores was not as clear as that in the KOHϩCFW stain. Yeast cells are closest in morphology to microsporidial spores. However, the uniformly ovoid spores of microsporidia are quite characteristic, and the absence of budding and pseudohyphae (not always present in yeast) may help identify them. In addition, yeast would grow in culture. Since the smears stained with Gram and Giemsa were always seen after KOHϩCFW staining, a certain amount of bias may have heightened the percentage of detection in these stains. From this unmasked observational series, despite the limitations, we are tempted to recommend that calcofluor white is the stain of choice for the diagnosis of microsporidial keratitis when a fluorescence microscope is available. In the absence of a fluorescence microscope, acid-fast stain seems to be the best alternative. For clinical samples with extremely scanty microsporidial spores, the use of two or more methods may yield more convincing results. Our results are in agreement with a previous study in which CFW and modified Ziehl-Neelsen stains were reported to be most efficient in diagnosing microsporidiosis (1) . In another study comparing the effectiveness of CFW, Giemsa, and modified trichrome stains in detecting microsporidia in fire ants (10), the Giemsa stain was found to be least sensitive and CFW the most sensitive. The frequency of detection of spores was lowest in the Giemsa stain in our study as well. We are still in the process of understanding this rare entity, and our ongoing prospective study using a larger sample size will allow us to determine the sensitivity and specificity of each of these stains for the detection of microsporidia and to define their complete clinical utility. The stains used in this study are commonly used in the diagnosis of microbial keratitis in several laboratories, and our results suggest that these stains are adequate for the diagnosis of microsporidiosis and are of great clinical utility. 
